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The Development of CO,Blasting Technology

in Naval Shipyards

Jimmy W. Fuller,Visitor, NAVSEA \Washi ngton, DC
ABSTRACT
What is bl asting? CQ

blasting is a relatively new paint
renmoval -technol ogy that turns |iquid
carbon dioxide into pellets. The nost
prom sing applications are elimnation
of hazardous waste, dust plunes, and
contam nated water associated with the
use of slag abrasives

This paper will describe the
process that Naval Sea Systems Command
used to take COblasting from the
"talking" stage to_ inplementation in
naval shipyards. The process started
with a visit froma vendor and ended
with a thirty day test of the blasting
system

TEXT

. Navy ships bottons are painted
wth.QM|fpuHr§ pai nts that Ccontain
pesticide ingredients that are used to
control attachment and growth of
marine aninals and planfs livin
association with structures tha
in prolonged contact with salt or
fresh water. Significant growh of
these "fouling” Mmarine organisns, such
as barnacl es, “seaweed, and al gae, can
restrict the openings of piping
increase the weight of buoys or ot her
navi gational equi pment, constrict
moving parts such as progeller&

in
are

inhibit vessel maneuverability, and
cause roughness that reduces boat/ship
speed and increase fuel consunption.

Foul i ng organi sms may damage surface
coatings, pronote corrosion, interfere
wi th sonar equi pment by increasing

noi se levels, increase maintenance
costs , and detract fromthe appearance
of the vessel

These antifouling paints and
ot her coating systens installed
thrpugh out the ship require renova
periodically. The iIndustry accepted
met hod for coating renoval and surface
preparation i s abrasive blasting using
an abrasive slag. These slags nust
nmeet the mlitary specifications to be
acceptable for use on Navy ships. A
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|ist of acceptable slags is maintained
by Naval Sea Systenms Command. In
naval shipyards, paints and other
coatings are renoved from surfaces and
the surfaces are prepared for
recoating by abrasive blasting. Thi
process generates |large quantities of
spent abrasive which i's considered
hazardous in sone states. In

addi tion, work schedules are limted
because dust plumes generated by these
abrasives are restricted by opacity
requirements.  National Poll utant

Di scharge Elinination System (NPDES)
discharge permts linit the heavy
metal s and other constituents that can
be | eached fromthe abrasive into
wat er di scharged fromthe dry dock.

) & have been attenpting to elim
inate anK di scharges fromour dry docks
thus we have actively pursued any

i nproved nmethod to cut down or elim
Inate contamnates. Alternative

met hods of surface preparation tend to

conplicate the problem H gh pressure
wat er bl asting and Vﬁter-rlﬁg g rasive
bl astina generate additional water

treatment problems fromleached netals
and corrosion inhibitors. %} ni
abrasives (corn cobs, walnu %%el?s,
etc.) elimnate the heavy netals but
are dusty and, when confined, present
expl osive hazards. Performance of the
plastic nedia blast was equal to
organi ¢ abrasives but the spent
abrasive mxed with the removed
coating created additional disposa
probl ens.

In July 1987 a vendor provided
the Naval Sea Systens Command (SEA 07)
with a brochure”and a video tape
describing the CQOblasting process
that denonstrated ‘the potential to
resolve some of the problem Blasting
with COdoes not have any adverse
inpact on the environment since CQis
a naturally occurring gas

Furthermoré, this process does not add
contam nates to the coating being
renmoved. Only the paint or coatlng
nust be di spoSed of when the evol ufion
is conplete. W schedul ed show ngs of
the tape for our technical codes and



various management personnel. Each
group was pleased wth the tape and
suggested turther eval uations.

W obtained information packets
for each of our naval shipyard _
conmanders and for both the Atlantic
and Pacific Fleet Mintenance Oficers
during the month of March 1988. Each
6?cket contained (2) "Blast C eaning

th C2 ?", (2) "CQ d eanbl ast"
brochures and (1) videotape. These
packets provided a brief description
of this technolog% and suggested
various uses of the process. Each
shi pyard commander had their shipyard
review the material and provide
feedback to headquarters.
requested each shipyard not to conduct
eval uation tests since we were
planning a prelininary evaluation of
co2 Dbl asting.

W enlisted David Taylor Research
Center to design a prelimnary test to
determine the effectiveness of this

technology.  The test consisted of
twenty-one panels, with standard navy
coatings applied. The panels are
listed in Table 1 wit g gescrlptlon
of the coating applied. Varjous naval
shipyards were included in the t est %y
providing the test panels.
Table 1
Panel No._ Description
1 Light Baked Enamel Coaflng
2 Heavy Baked Enanel Coating _
3 Water Base Fire Retardant Coating
wo primer _ )
4 \Water Base Fire Retardant Coating
w Devoe 201 R{|ner )
5 Chlorinated Alkyd w o primer
6 Chlorinated Alkyd wzinc chromate
rimer
7 ank Coatin SDevoe 215W
8 Fornula 84/111 Enane
9 N |-D3135 Underlayment wo
rimer
10 | -D-3135 Underlaynent w Devoe
201 priner _
11 150 Series Epoxy Priner

12 150 Series Epoxy Primer w F121
antifouling paint

13 150 Series Epoxy Priner w RFE-490

14 Powdered Epoxy Coati ng _

15  Alumnum thermal spray coating
with Type | sealer (two coats

top coat only) )
16  Alum num thermal spray coating
with Type Il sealer (epoxy only,
top coat) ) i
17 Experlnental epoxy anti-corrosion
with sand non-skid
18 Non-skid-Conp, G Cass || Roller
19  Non-skid-Comp, G Cass |
Tr ovel ed
20  Non-skid-Conp, L, Roller
21 Non-skid-Conp, L, Troweled
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~The equi prent used for this
prelimnary evaluation was a patented
CC2 pell et blastlng system The
pel | etizer uses 500 I[bs/hr of liquid
co,to produce 250 | bs/hr of pellets
by conpressing the CO2 flakes with an
extruder through an orifice. W used
| /'S-inch diameter pellets for our
test. 1/4- inch diameter pellets are
available with a different extruder.
The pellets were propelled through a
| -inch nozzle at 700-800 ft/sec using
CFM of air at 250 psi. Air

ressure at the nozzle was 210 psi

he liquid CO2 costs approxi mtely
$0.03 to $0.04 per pound. The

manuf acturer provided the equi pment
and | abor to conduct the test. The
test consisted essentlaII% of placing
each panel in a vice and blasting a
strlP,across the top of each panel

The tine used and the area blasted
were recorded.  The results are
contained in Table 2. These figures
are not be used to extrapol ate Frenoval
rates for larger surface areas, other
factors must be included such as
fatigue, condition of surface area and
shape of the surface. This test.
deternmined the feasibility of this
process for paints and coating

renoval . o .

This prelimpary evaluation de-
monstrated that the CO2 blasting
system was not effective in removing
epoxy paints, non-skids, or under-
laymént. The system was. effective in
removing the softer coatings, such as
vinyl antifouling paints, baked
enamels, chlorinated al kyds, Formula
84/ 111 enanel , water base fire
retardant paints, and tank coatings
such as Devoe 215W  See Table 2 for
the specific results. Further, the
eval uation indicated that the Co2
bl asting system should be tested and
evaluated 1n an industrial environnent
in order to establish renmoval rates,
fatigue factors and safety
precautions.

~To avoid each naval sthyard
testing and evaluating CO2 blasting
system Norfol k Naval ~Shipyard was
requested to conduct an evaluation of

~blasting system and report on the
varlous_shl?yard applications. The
eval uation test was designed by
Norfol k and consisted of open air
bl asting and blastln? in an encl osed
area (a connex box) to simulate an
encl osed space aboard ship. From 9
Sept enber through 20 Cctober 1989
eighty-three different items were
BFOVIded b% the various shops and
lasted. The Sh|p¥ard's Safety and
Health Ofice nonitored the open air
blasting. The Naval Environnmenta
Heal th Center nonitored and sanpled
the air to assure that the |evel of
oxygen and carbon dioxi de did not
exceed the acceptable linmts. |f at
any time nonitoring results indicated



. . Table 2
Panel No. Cl eaning Tine Area cleaned Rat e
In minutes Square inches  Square inches
per rlngnute

1 1: 04 21 T
2 1: 03 21 19.7
3 109 6 40.0
4 158 6 6.2
5 115 6 24.0
b 116 6 22.5
7 120 6 18.0
8 120 6 18.0
9 135 3.8 6.4
10 1:18 7.5 5.8
11 2:05 9 4.3
12 108 9 67.5
13 1:53 9 4.8
14 2: 45 8 3.0
15 115 9 36.0
16 1:16 9 7.1
17 1:03 6 5.7
18 2:20 9 3.9
19 1:30 6 4.0
20 3:00 8.3 2.8
21 2: 06 6 2.9
TABLE 3

LIQUD CO2 CLEANLI NESS REQUI REMENTS

The fol | owi n% listed contanination values are to be
consi dered the MAXIMUM pernitted unless specifically noted
to be otherwise.

COVPONENT VALUE TEST METHOD
C®2 purity (mn) ¥+ 99.9% Caustic absorption
Oxygen . 30 ppmv Trace 02 anal yzer
Vater (Ho)

32 mv Electrolytic romet er
FE)F[))m/ Col or De¥ect orytgube/GC
ppnv  Col or Detector tube/CC
ppnv  Total sulfur anal yzer/%
ppmv  Total sul fur anal yzer/

Nitric xide (NO (v

Ni trogen DioxI de )

Sul fur Dioxide (SQ)

O her Sul fur .

conpounds i ncl udi ng

gdrogen Sul fide
rbon Mbnoxi de

*  *
SEUNIN
o100 0101

total h-carbon anal yzer
Acet al hyde *0

.2 ppmv Gas chronotragph
Heavy hydrocarbons * 10.0 ppmv  Flane ionization type

total h-carbon anal yzer

10.0 ppnmv Infrared anal yzer
\scﬂti(lvzz H carbons (v) *40.0 ngl Fl ame ioni z)étion type
2
0

Qher toxic materials none CGas Chromat ograph
I nserts * 1000 ppmv CGas Chromat ograph
O der * Free of

foreign odor Sensory

Test perfored on vaporized liquid . o
Test performed on yaﬁor inequilibriumwth liquid
Gas Cnronotgraph with appropriate detector
Mnimum permtted for this value

+Q<
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TABLE 4
REMOVE GREASE FROM CHOCKS FOR A LATHE
O.D METHOD
REMOVE BY HAND USI NG TRI CHLCRI ETHANE

$49.39/LB X .5 LH TO REMOVE GREASE = $24.70
Trichlorethane used 1 gal/ $5.00 per gal = 5.00
Di sposal of used Trichl oroethane
(1 gal) x ($2.50 per gal) = 2.50
AOd Method Total = $32.20
NEW METHOD
Remove with CO2
$49.39/LH X 64 set to renove grease X 1lhr/3600 set = .87
co2 used
500 Ib/hr) X (64 set) X (1hr 3600 set) = 9 Ibs
29 Ibs) X ($.04/1b C02) = .36
Cperating cost
($20.00/hr.) X (64 set) X (1hr/3600 set) = . 36
New Met hod Tot al $1.59
Od Method - $32.20
co2 Method - 1.
Total Savings $30.61
1. LH Labor Hour .
2. Non dollar values are rounded to nearest unit
3. Dollar values are rounded to the nearest $.01

oxygen concentrations below 19.5% al

co,blasting/ co2 release woul d cease air pressure nonitored and adjusted

unfil such tinme that ventilation could for optinum resul ts; carbonhdlox%de
restore oxygen concentrations to at use; the old orhpresent PEI od of
least 20%  After the first week of cleaning; and the renpval rate o
operation the Safety Office concluded the ol d met hod

that the amunt of CO2 being rel eased

to the environment was not Sufficient
to warrant constant nonitoring.

. Durinﬂ the evaluation in the
shipyard the blasters were provided
personal protective equipment such as:
clear plastic face shield, |eather
gloves, industrial |eather footwear,
clothing that covered the arms and
| egs, proper ear protection, safet¥
gl asses and for the enclosed area test
oxygen nonitoring devices that issued
an alarmat concentration of oxygen of
not less than 19.5% The test site
access was restricted to authorized
personnel who were equipped with

er sonal Protectlve equi pnent and

riefed of the potential hazards.

propriate warning sSigns were
posted for the duration of testing
Addi tional personal protection was
available at the blast site for
visitors.

Particular attention to the
foll owing parameters were recorded
the square footage of the various
itens; the time required to clean
the item the quality of work; bl ast
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Norfol k provided their final
EEBort in April 90. A problemwth
bl asting encountered was
contam nation of the liquid CO. The

CX2 needs to be food quality and
sanpl ed each time a new shi pment
arrives. The vendor (providing the
CQ) should certify that the lrquid
CQis food grade and provide proof
with each shiprent. ntam nated CO2
caused the equipment to mal function
and del ayed the test for a couple
days. Table 3 provides the maxi num
contanmi nation values permtted unless
ot herwi se specifically noted

The labor hour rate for each shop
a naval shipyard is determned by
mptroller “section and is

ferent for each shop. The rate for
i vidual shops is revised two or
ee times per year to reflect the
ual cost of doing business ie.

hts, steam water etc

Table 4 provides an exanple of
the cost analysis used in the _
evaluation.  The |abor rate used in
this exanple is $49.39 per hour.

i
t
d

Q"o ™0



co,blasting will remove rust,

grease and other coatings from

machi ned parts and not destroy the
machined finish. A near white nmeta
bl ast (SSPC 10) is nearly inpossible
to obtain. The CQblasting process
will provide adequate surface
preparation for paint aﬁpllcatlon.
(Provided the material had been
previously blasted).

~The best renpval rates were
obt ai ned when the abrasive stream was
perpendi cul ar to the surface belng.
cleaned. Additional nozzles are being
devel oped for special uses, i.e.,
short, wide, and narrow nozzles

. Additional tests in conjunction
with the Arny, Air Force, Marine
Corps, Naval  Air systenms Command and
other activities are being conducted
The Air Force conducted a test u5|ng
hi gher pressure and a different vendor
to remove paint fromtheir "thin
skinned" alrplanes. Paint on
airplanes is Qon5|derablz harder than
paint on a ship. Norfol k Nava
Shipyard is the lead activity for
evaluating CQblasting. This
technoloiy has proven successful on
"thick skinned" applications.

The blasting in confined spaces
such as bilges, tanks and voids has
not been adequately investigated to
date. CQur eval uations have shown
potential for savings in both |abor
and disposal costs. = The only disposa
cost is for the substance renoved from
the surface. The CQreturns to the
at nosphere with littl'e or no effect on
the environnent.

bl asting technolo rovi des
a o%oo[ forgour shiPya%spto use.
Thi's tool is only one of nmany that
wi Il provide adequate coating renoval
CO,blasting has the potential to

el 1 mnate waste and inprove working
conditions. ~\e Plan to inplenment this
technology in all eight nava

shi pyar ds.

. As You can see any new or
different technology requires a
dedicated effort and adequate testing
to ensure a quality product. The
process worKks.
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